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3
including extensive direct healthcare costs [5] [6] [7] , and indirect costs through work and production losses (~50-4 149 million work-days lost [8, 9] . LBP is acknowledged as a multifactorial pathology presenting a wide variety 5 of physical symptoms and dysfunctions, some of which may be causative, and others which may be symptoms 6 of underlying dysfunction [10, 11] .
8
The intervertebral discs, however, have been suspected to be a potential source of painful symptoms in LBP for 9 some time [12] and there is much well documented supporting evidence regarding mechanisms for how pain 10 may occur [13, 14] . Despite the disc being a potential source of pain, in addition to the many biologically 11 plausible mechanisms which might instigate a pain response, there is some disparity in the literature linking the 12 presence of LBP to disc abnormality. Magnetic resonance imaging (MRI) [15] [16] [17] [18] [19] [20] , radiography [21] , and 13 discography [22, 23] have all suggested that disc abnormalities can be present in asymptomatic participants,
14
which has brought into question the likelihood of these findings in symptomatic patients holding clinical 15 relevance to the pain they are experiencing. However, recent literature highlights that although it may be 16 difficult to attribute specific disc pathologies to LBP on an individual basis, there are consistent associations of 17 certain disc abnormalities (i.e. high intensity zone (HIZ), degree of disc degeneration, disc herniation and nerve
18
root deviation/compression) in those who suffer from LBP [24] [25] [26] .
20
It should be considered also that the subsequent pain response after injury is in part dependent upon severity 21 [27] . In the case of abnormalities in asymptomatic participants it may be that a threshold of degeneration/injury 22 may not have been achieved to initiate a pain causing mechanism. Thus, examination of the literature should 23 consider the severity of degeneration as it relates to LBP. Adams and Roughley [13] suggest the presence of 24 some degree of degeneration is a physiologic process associated with aging, whereas more severe degeneration
25
and/or structural abnormality may be indicative of a pathological process or injury and more commonly present 26 in those suffering from LBP. Many studies support the contention that more severe degrees of degeneration 27 and/or structural abnormality are more consistently apparent in participants with LBP than those who are 28 asymptomatic [16, 17, 22, 23, 28] in a dose dependent manner [29, 30] . Even if not all disc abnormalities can be 29 ascribed as the source of LBP, any degenerative changes also heighten the risk for more severe disc 30 4 | P a g e degeneration or injury and thus pain and suffering [14] . Thus it seems that, as a consistent finding in 1 symptomatic participants, and a potential source of pain symptoms, disc degeneration or injury is a worthwhile 2 factor to consider in treatment of LBP. Exercise is a common prescription for those with LBP; however, the 3 potential for it to specifically promote positive changes in the intervertebral discs is not often considered. this study were applied for periods ranging from 1 to 7 days. In fact, Lotz and Chin's [42] results showed that 5 the degree of apoptosis was proportional to duration of loading; thus longer exposure presented greater risk. As 6 explained, the treatment protocol used with ILEX avoids such sustained loading (through low repetition ranges 7 and frequency of exercise).
9
Reviews of the literature suggest the potential for a "safe window" of disc loading to exist that may stimulate 
17
Earlier studies have suggested that continued compressive loading can contribute to harmful responses in the 18 disc in a dose-dependent manner (i.e. magnitude and duration), which might further suggest cause for concern in 19 employing ILEX resistance exercise for those with LBP [45, 46] . However, this dose-dependent mechanism has 20 important implications for ILEX resistance exercise, which is also typically employed in a dose-dependent 21 manner. As explained, ILEX rehabilitation selects a resistance that allows only ~8-12 repetitions and exercise is 22 performed to momentary muscular failure using this resistance, which has been suggested as optimal for 
26
report that, in comparison to higher frequency and lower load compression, lower frequency and higher load 27 compression induces positive improvements in disc proteoglycan content, matrix gene expression and rate of 28 cell apoptosis. Thus there may be potential for ILEX rehabilitation to exert a similar adaptive effect. Indeed, 1 load and frequency with anabolic genes being stimulated at low frequencies and catabolic genes being 2 stimulated at higher frequencies. They also revealed that very low loading had no effect upon gene expression 3 suggesting that some degree of loading, though at a low frequency, is required to stimulate an adaptive anabolic 4 response.
6
These studies have examined what might be considered regenerative processes, but as we have highlighted, a 7 loss of disc hydration is also present in degenerative discs [31] and so rehydration may also be an important 
Adams et al. [14] have recently reviewed the potential for healing to occur in the symptomatic intervertebral 7 disc and suggested that potential mechanisms for disc reparation will likely predominantly involve the annulus.
8
Being that this is an area yet to be examined fully in vivo, and that as suggested here there may be mechanisms 9 of positive adaptation in both the annulus and nucleus, we suggest that any study seeking to test this hypothesis 10 should invariably look to examine all possible aspects of disc condition.
12
Taken collectively the evidence highlights potential for ILEX exercise rehabilitation to produce beneficial 13 adaptation in the intervertebral discs of symptomatic participants. It also seems apparent that there may be an 14 optimal dose (load, duration, frequency) for which these adaptations are produced. However, these potential
15
adaptations have yet to be investigated in vivo through use of MRI. Thus we suggest that in order to test the 
